Objective. To evaluate the patients' opinion on the usefulness of the electronic medical card (EMC) and continuity-of-care report in enhancing quality of care, and to assess the effects of the patient-entered data on the quality of data in the electronic medical record (EMR).
Introduction
Real-time clinical data acquisition is one of the most challenging goals for clinical information systems [1] . Computerization reduces human errors while offering wide access to, and sharing of, patient care information [2, 3] , improves efficiencies and security, and enables patients to monitor and review the quality of their records [4] . To improve the quality of care at the point of care, such data need to be of high quality and should be immediately accessible and reliable [5] [6] [7] [8] . Patients can be useful in auditing the quality and efficiency of care they receive from their healthcare providers [9] . Therefore, the opinion of patients is vital and should supplement the usual indicators of quality of healthcare [10, 11] . In addition, free flow of information and making patients the source of control of their data are key features of patient-centered care [12] . Patient feedback can help in identifying areas of care for meaningful improvement [13] [14] [15] .
To foster the delivery of efficient and effective patient care, we implemented a continuity-of-care record (CCR) standard [16] compliant application ('CCR application'), whose design and implementation details were described in a previous study [17] . The CCR application was integrated in an already implemented patient portal, My Health-a web-based application. The CCR application enabled patients to view, add and modify their health information in a personal health information database and to create and print a continuity-of-care report and a pocket-sized emergency medical card (EMC). The continuity-of-care report is a detailed snapshot report of the current and previous 3 months of patient-entered and healthcare-provider-entered data (in two distinct columns) in compliance with the data elements mandated by the CCR standard. Patients may use the CCR application to enter new data on the continuityof-care report. The data can be used by healthcare providers to correct possible errors or to complete missing patient information in the healthcare-provider-entered data in the electronic medical record (EMR). The EMC, however, contains only a portion of the continuity-of-care report information. It contains the most current core patient-entered data and healthcare-provider-entered data in the EMR. The EMC was designed to provide the core patient information to healthcare providers for appropriate medical decisionmaking during medical emergencies.
Objectives
The objectives of this study were to evaluate the patients' opinion on the usefulness of the EMC and continuity-of-care report to enhance quality of care and to assess the effects of the patient-entered data through the use of the CCR application on the quality (i.e. accuracy and completeness) of the healthcare-provider-entered data in the EMR.
Methods

Setting and study participants
The study included 36 Intermountain Healthcare ('Intermountain') outpatient clinics that offered My Health web portal services. At the end of 6 months of the CCR application use (between October 2008 and June 2009) (Fig. 1) , we surveyed patients (aged between 18 and 90 years) who had used the application to create their EMCs and continuity-of-care reports. An email was sent to all patients who had used the application (n ¼ 133), requesting them to participate in the survey. They were provided with a description of the study and an Internet link to the online survey. The survey was used to assess patients' opinion on the usefulness of the EMC and continuity-of-care report in enhancing quality of care (after using them with healthcare providers). The survey required that patients had to use their printed EMC and/or continuity-of-care report during a healthcare encounter in order to participate.
Patients' opinion on the usefulness of the EMC and continuity-of-care report A structured web-based survey was used to assess patients' opinion on the usefulness of the EMC and continuity-of-care report. The question was developed through brainstorm sessions with medical doctors, nurses, administrators, software developers/systems analysts and biomedical informaticians from the Intermountain healthcare, and the research committee members from the University of Utah, Department of Biomedical Informatics. The questionnaire was divided into three main sections: (i) general measures (e.g. userfriendliness of the documents and the impact on user privacy/confidentiality), (ii) data quality measures (e.g. correction of errors and completion of missing information in the EMR, accuracy of patient information in the EMC and continuity-of-care report), (iii) quality of care (e.g. effect of the documents on the overall knowledge of patients on their health condition, patient -healthcare-provider relationship/ trust and patient-healthcare provider encounter time). A 5-point Likert scale (1, strongly disagree; 2, disagree; 3, undecided; 4, agree; 5, strongly agree) was provided in the questionnaire for patients to rate their opinion on the usefulness of EMC and continuity-of-care report in each of the continuity-of-care measures/indicators provided above. There was also a provision of a 'not applicable' option for patients to select if they had not used their EMC and/or continuity-of-care report to seek care from healthcare providers or for EMR data updates.
Quality of healthcare-provider-entered data in the EMR
To evaluate the quality of EMR data, we assessed the accuracy and completeness of the healthcare-provider-entered data in the EMR. Data accuracy analysis assessed whether the patient records in the EMR correctly represented the patient-entered data in the continuity-of-care report. Only the patient-entered data that had corresponding entries in the healthcare-provider-entered data were compared. Data entries for some attributes could not be compared because either they existed in an unstructured, free-text format or they were Figure 1 Cumulative monthly use of the CCR application. not integrated into the EMR's clinical data repository. The data fields included the emergency contact (name and relationship), power of attorney (name, relationship and phone), social and family history, immunization and procedures/imaging. We could not make any assumptions about the EMR data if the patient did not enter new data using the CCR application-i.e. data from visits to non-Intermountain healthcare providers or for error correction. In situations where patients entered new data into the application's database, we used patient identifiers, date of data entry and the data entry values to query the EMR for any matching data. Where the data in the EMR matched the patient-entered data and the EMR data were entered after the date of the patient-entered data, we recorded that data as a complete match. For those cases, we assumed that the patient-entered data was used to update the record in the EMR.
A data completeness evaluation, for the CCR application users, quantified the number of healthcare-provider entries in the EMR that had data (i.e. entries that had no blank or missing data). To perform the evaluation, we compared all the data that were collected 8 months before ('before' database) and 8 months after ('after' database) the use of the CCR application. We tallied the entries with data for each data field in the 'before' database and presented it as a percentage of the total number of all the (expected) entries, i.e. entries with data and those with missing data. The same process was followed for the 'after' database. For the overall summary, we presented the total number of complete entries in the 'before' and 'after' databases as a percentage of the total number of all the (expected) entries in both databases. Any improvement on the data completeness in the 'after' database was assumed to be attributable to the use of CCR application.
The data accuracy and completeness analyses were stratified by four major data categories-clinical, demographic, laboratory/diagnostic and prescription data. The clinical data included the patient vital signs, current and past healthproblems, appointments and allergies. The demographic data included the patient address, phone number, date of birth, gender, blood group, ethnicity, organ donor status, advance directives, contact lens, dentures, pacemaker, religion preference, primary healthcare provider and primary insurance provider. The laboratory/diagnostic data included the laboratory procedures (procedure name, procedure status and name of hospital/clinic where the procedure was done) and test results (creatinine, potassium, sodium, glucose/blood sugar, urine protein, hemoglobin, hematocrit and WBC). Prescriptions data consisted of the drug name, dose, schedule and the healthcare provider who prescribed the medication.
Data analysis
STATA software (Intercooled STATA software, Release 9, StataCorp. 2007; College Station, TX, USA) was used for data analysis. A significant difference between study groups was assessed at the 0.05 level of significance. The Student's t-test was used to test for differences in mean ratings between study groups in the continuous data where normality of samples was established. The non-parametric median test for equality of medians was used where there was no normality of data samples. Fisher's exact test was used to test associations between categorical data.
Characteristics of the study subjects. We tabulated the purpose, as reported by the patients, for which the EMCs and continuity-of-care reports were printed. A profile of the CCR application users by gender and age was presented. We also characterized the distributions of the medians of the clinical measures (i.e. active medical problem, active mediations, appointments and allergies) of the application users, by age. The non-parametric median test was used to assess the differences in the number of active components of the clinical measures between users of various ages. A number of record types were excluded from the analysis sample because they were no longer of a significant concern to the patient at the time of study evaluation. These records included resolved, inactive or wrong/erroneous medical problems. Other records included prescriptions with inactive status and appointments with arrived, bumped (i.e. appointments that had been called earlier than the scheduled time, due to urgency), rescheduled, modified, no show and cancelled status. Records on allergies with no known status were also excluded from the analysis.
Patients' opinion on the usefulness of the EMC and continuity-of-care report. The Fisher's exact test was used to assess associations between gender and age, and the usefulness of the EMC. The same test was performed to assess associations between gender and age, and the usefulness of the continuity-of-care report. Using the Student's t-test, we analyzed the difference between the mean rating of the usefulness of the EMC and that of the continuity-of-care report for each study measure.
Quality of healthcare-provider-entered data in the EMR. Analysis of the accuracy of the healthcare-provider-entered data in the EMR was performed by assessing the proportion of patients whose data was updated in the EMR. This analysis was stratified by the four major data categories. The evaluation of the completeness of the EMR data was accomplished by counting the number of non-blank (or non-missing) data entries in the EMR and graphing the fraction of the entries as a percentage of the total expected number of entries in the EMR. We then used the non-parametric median test to assess the differences in the medians of complete data entries in the EMR, before and after the use of the CCR application.
Results
Characteristics of the study subjects
One hundred and thirty-three patients used the CCR application to create an EMC and a continuity-of-care report. Totally 133 users were surveyed and all of them responded to the survey. However, 32 users were excluded from the analysis because they had not used their EMCs or continuity-of-care reports to seek care from healthcare providers or for update of records in the EMR. The remaining 76% (n ¼ 101) of the users were included in the data analysis (Table 1) . Of these users, the majority (75%) was female and the largest subgroup of users consisted of those aged 51 -60 years (35%). Thirty-nine percent (39/101) of the users visited healthcare providers outside the Intermountain network. Overall, the median age of the application was 56 years (25th quartile, 75th quartile: 47, 62). Most of the users printed the documents to store for use during emergencies (95%) and many for personal use (46%). Sixteen of the users (16%) printed a continuity-of-care report to take to their healthcare providers to update records in the EMR (i.e. with new information from visits to non-Intermountain healthcare providers or information to complete missing data). However, 9% of the patients printed a continuity-of-care report to use to correct errors in the EMR.
On average, each patient user had approximately five active medical problems, active medications, appointments and two allergies. Patients aged 60 years and older had the highest number of medical problems and medications. The number of allergies was similar across various ages. However, patients over 50 years had a significantly higher number of appointments than those aged 30 years and older.
Patients' opinion on the usefulness of the EMC and continuity-of-care report The user's age was found to be significantly associated with the way the user rated the usefulness of the EMC and continuity-of-care report in enhancing quality of care (P ¼ 0.019 and P ¼ 0.009, respectively) ( Table 2) . Although more female users rated the two documents, the way users rated the usefulness of either of the documents did not differ significantly. Overall, the majority of patients (68%) found the EMC and continuity-of-care report to be useful (Table 3) . Although a higher proportion of patients found the EMC to be more useful than the continuity-of-care report (71 and 64%, respectively), the difference was not statistically significant (P ¼ 0.196). The users perceive the documents more useful in specific continuity-of-care measures: easy to understand and use (84%), secure-i.e. do not compromise confidentiality (83%), useful to complete missing information in the EMR (78%) and useful to increase knowledge about their health condition (72%).
Quality of healthcare-provider-entered data in the EMR
Sixty-nine percent of the patients (70/101) entered new data in the personal database (1994 entries), using the CCR application (Table 4) . Out of the 1994 entries, only the 1505 entries that had data attributes both in patient-entered and HCP-entered databases were compared. The majority of the updates were observed in the demographic data category (address, biodata, insurance-and primary healthcare-provider attributes). The records of allergies that were not updated in the EMR by the healthcare providers were mostly moderate food and resolved drug allergies. The inactive, resolved, past medical problems and prescriptions were also usually not updated in the EMR. A significant increase in the completeness of healthcareprovider-entered data in the EMR, for the CCR application users, was observed in the demographic and laboratory data categories (P , 0.001 and P ¼ 0.004, respectively) ( Table 5) . Overall, the EMR data had a lower completeness percentage after the use of the CCR application, although the difference was not statistically significant (P ¼ 0.446).
Discussion
This study has demonstrated that although the majority of the users of an application like CCR are likely to be female, gender has no significant influence on how the users rate or perceive the usefulness of the documents in enhancing the quality of care. This suggests that, for such documents, randomization of evaluators by gender is not necessary. However, age was found to be significantly associated with the way users rated the usefulness of the documents. Patients 51-60 years (median age: 56 years) were the largest group of users (35%), but were evidently less likely than the other users to rate the EMC and continuity-of-care report as useful in enhancing quality of care (ranges: 34-43 and 58-83%, respectively). This may suggest that the lower-use groups had a perceived value in quality management of the continuity-of-care information or they needed assistance in entering information the most. On the other hand, the high-use group (i.e. patients 51-60 years of age) may have had high expectations of the EMC and continuity-of-care report. This result might, therefore, suggest that the middle group of patients is potentially a better group to evaluate the continuity-of-care tools.
A significant proportion of users (39%) visited non-Intermountain healthcare providers. The majority of these Mean rate/score and standard deviation (SD) for each measure. *Two-sided P-value from the t-test of the difference between the mean rating of the usefulness of the EMC and continuity-of-care report.
users created EMCs compared with continuity-of-care reports.
As reported by the users, the documents were created mostly for personal use and for use during medical emergencies, compared with other anticipated uses. This demonstrates that patients are more likely to be concerned about what could assist them during future medical emergencies than to update their records in the EMR. Further research is needed to find out whether this finding may be due to patients finding the current data to be mostly complete and/or accurate. Other potential questions that need further investigation may include: Did patients perceive that there were no errors or missing data, or did they believe that the errors were negligible? Could it be that the patients misunderstood the need to update their records, or was there some sociological effect that discouraged them from questioning the data in the EMR? Over 68% of the users reported that the EMC (71%) and continuity-of-care report (64%) are useful in enhancing the quality of care. More specifically, these users found the documents to be legible, easy to understand and safe (do not compromise confidentiality/privacy) to use, useful in completing missing data in the EMR, and can significantly increase the overall knowledge about their health condition.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Number of patient-entered records for EMR update-although 1994 data values were entered by the patients, only the 1505 data values of the data attributes that existed both in patient-entered and HCP-entered databases could be and were compared. b Biodata included ethnicity, sex, date of birth, religion, blood group, advance directive, pacemaker, contact lens, dentures, organ donor and emergency phone. The number of patients who used the CCR application and had records before and after the use of the application, out of the patients who entered new data (n ¼ 70). The median number and interquartile range (in millions, rounded off to two decimal places) of the complete data entries in the EMR, before and after the use of the application. For each data field in the EMR, we queried the before and after databases and counted the number of healthcare-provider entries that had data, i.e. entries that had no blank or missing data. *Two-sided Fisher's exact P-value for testing equality of medians of complete data entries in the before and after databases.
Table 4
These moderate ratings show that these documents are vital for medical decision-making at the point of care.
On average, a user had approximately five medical problems, prescriptions, appointments and two allergies. Although not significantly different, the users over 60 years of age tended to have the highest number of medical problems and medications, than those aged 30 years and younger. However, users over the age of 50 years had a significantly higher number of appointments than those aged 30 years and younger. These findings demonstrate that patients who are older and sicker (i.e. with multiple medical problems and medications) are more likely to use an application such as the CCR application because they are more concerned about their health. Such patients will be able to benefit from a patient proxy feature that was proposed for future implementation in the CCR application [17] . The feature will allow patient proxies to use the CCR application to create EMCs and continuity-of-care reports on behalf of such severely ill patients.
Seventy percent of the users entered (new) data using the CCR application, of which there was a reasonable proportion of patients (72%) whose data were updated in the EMR by the healthcare providers. The proportions of EMR updates were even higher for specific continuity-of-care measures such as biodata and demographic information. These results show that the patient is potentially an important source of quality control for this type of information in the EMR. Although it was not documented, there was the possibility that at the time of the survey some patients may not have taken their continuity-of-care reports to healthcare providers for EMR updates. This update failure may, therefore, have contributed to the overall moderate percentage of EMR updates. The substantial continuity-of-care report data (for EMR updates) observed in the patient demographic information may be attributed to frequent residential location changes, regular changes in contacts and healthcare-provider information and multiple visits to multiple healthcare providers. Overall, each patient visited two healthcare providers and 39% of the patients visited non-Intermountain healthcare providers. Further research is required to investigate why there was minimal continuity-of-care report data for other data types such as prescriptions, allergies and problems. Among many other issues, such future studies should investigate whether the healthcare providers did not update the EMR information with the patient-entered data because the healthcare providers believed that the EMR records were accurate.
In the data categories where patients entered the highest volume of new data (e.g. the demographic data category), there was an improved EMR data completeness. These data fields may not have a direct clinical benefit; however, they might be useful in activities such as demographic surveillance studies. Such surveillance studies could include longitudinal or follow-up studies, where accuracy of patients' physical location details is vital for tracking patients. The findings showed that the EMR data were complete to a significant level, with an overall mean of 94% before the use of the CCR application and 85% after use of the application (range among the four data categories: 90-99% before the use of the CCR application and 72-91% after the use of the application). Despite the overall decrease in data completeness after the use of CCR application, there was a significant increase in data completeness in the demographic and laboratory data categories (P , 0.001 and P ¼ 0.004, respectively). Due to the lack of a universal trend in data completeness after the use of the application, the findings do not demonstrate conclusive evidence of its effect on data completeness in the EMR.
Study limitations
No patient data were extracted from the EMR for the social and family history, procedures/ imaging, clinical notes, emergency contacts, personal notes and immunization data categories. This was because Intermountain had not integrated these types of data in the EMR or the data still existed in an unstructured, free-text format. Therefore, entries of these data types were not used in the comparison of the patient-entered data using the CCR application and healthcare-providerentered data in the EMR. Only the patient-entered data were available for these data categories. Another limitation is that the study relied on the patient-reported opinion on the usefulness of the continuity-of-care report (and the EMC)-we have no concrete proof that the continuity-of-care report was used for actual EMR updates. Therefore, the survey results showed only the assumed benefits of the EMCs and continuity-of-care reports, but not necessarily their actual benefits.
In addition, the study population was a select (or special) cohort of patient population at Intermountain. The users included only patients who were enrolled in the My Health project. We, therefore, have no idea how the findings would turn out to be if all the Intermountain patients were allowed to use the application. Therefore, although the application was not dependent on any clinical setting, because of the special group of the users, it might be difficult to know the application's general applicability and generality of the survey results.
The low uptake of the CCR application technology was a limitation in this survey. When My Health web portal users were contacted to inform them of the availability of the CCR application in My Healh, the majority of them indicated that they had not known that the application existed in My Health. Therefore, we believe that the marketing technique used did not have adequate impact in creating the needed awarenessit was the major problem. Email messages (to patients and HCPs), 'teaser' icon (implemented in the My Health) and fliers (to HCPs) were used to promote the CCR application. By mid-October 2008, the first promotional email message was sent out to 19 689 patients with active online access accounts in the My Health patient web portal. Eighty-three percent (n ¼ 18 358) of the messages reached their destinations successfully, while others bounced back mainly due to inactive or erroneous email addresses. In addition, by the time of survey, some users of the CCR application had not supposedly used their EMC and/or continuity-of-care report to seek care from healthcare providers or to update their records in the EMR.
Conclusions
Patients found the EMC and continuity-of-care report to be useful tools to enhance the quality of care. Patients with multiple medical problems, prescription, appointments and allergies, and more specifically older patients (older 60 years) with multiple medical problems and prescriptions, were more likely to use the CCR application. Patients also perceived the EMC and continuity-of-care report to be more useful to identify missing patient information in the demographic data than in the other healthcare data categories. It was also shown that the patient is potentially an important source of quality control for their record in the healthcare-provider-maintained EMR, especially for the demographic and laboratory data. Observational studies of patients who use the EMC or continuity-of-care report in clinical care settings, and surveys of healthcare providers who receive the continuity-of-care report and/or use the EMC to deliver care would be helpful in determining the true benefits and uses of these documents.
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